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Molecular Biology SelectThe shock of wasabi, the dreadful pain of a tooth-ache, even the itch of a poison ivy rash—blame it on a TRP channel. The
transient receptor potential (TRP) channels trigger pain and inflammation in sensory neurons throughout the body, but
these six families of cation channels are expressed in almost every type of cell in humans. This Molecular Biology Select
summarizes recent studies that highlight the remarkable versatility of TRP channels, which can respond to a diverse array
of stimuli, including spices, toxins, pressure, heat, and membrane voltage.Infrared image showing relative body
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To help hunt down prey, rattlesnakes and pythons possess an extra pair of ‘‘IR-eyes’’
that form ‘‘thermal images’’ from infrared (IR) light. Nerve fibers that detect and
respond to IR light reside in a small cavity, called the pit organ, located between the
eyes and nostril on the face of the snake. The molecular mechanisms underlying IR
sensing and signaling in the pit organ are poorly understood. Now Gracheva et al.
(2010) show that the pit organ acts very differently from other light-sensing organs,
like the human eye. Instead of directly detecting the light by photochemical modifica-
tion of a receptor, like opsin, the pit organ senses the heating of the tissue caused by
the IR radiation. The authors identify the receptor that senses these temperature fluc-
tuations as TRPA1, the sole member of the ankryin subfamily of TRP ion channels. To
identify proteins with specialized roles in IR detection, the authors sequenced the RNA
transcripts in neurons from the pit organ, from the snake’s trunk, and from neurons of
snakes without pit organs. Remarkably, all of the genes were expressed at similar
levels in the three tissues, except for one, the gene encoding the TRPA1 ion channel,whose expression was enriched 400-fold in the pit organ neurons. Indeed, when expressed in Xenopus oocytes, the TRPA1
channels from rattlesnakes and pythons became activated at 27.6ºC and 32.7ºC, respectively, making these receptors the
most temperature-sensitive of vertebrate ion channels so far. TRPA1 channels are present in many vertebrates, including
humans and mice; however, instead of responding to heat in these organisms, the channels are primarily chemosensors
that detect electrophilic compounds, such as allyl isothiocynate from wasabi and allicin from garlic. Phylogenetic analysis
of vertebrae TRPA1 channels showed that both ancient (boas and pythons) and modern (rattlesnakes) snakes independently
adapted the chemosensing TRPA1 channel for IR detection. These results demonstrate how rapidly a TRP channel can evolve
to accommodate the specific needs of a tissue or species.
E.O. Gracheva et al. (2010). Nature 464, 1006–1011.Hungry fruit fly eats a droplet of sugar
water. Image courtesy of K. Kang.Flies Flee the Sushi Bar
Although the TRPA1 channels in snakes help these carnivores identify their next meal,
they also serve an opposing role in many mammals; they help prevent ingestion of poten-
tially damaging irritants, such as allyl isothiocynate in wasabi and acrolein in gas fumes, by
triggering pain upon contact with these electrophilic compounds. Now Kang et al. (2010)
demonstrate that TRPA1 channels in fruit flies (Drosophilamelanogaster) and mosquitoes
(Anopheles gambiae) behave in a surprisingly similar way to their mammalian homologs.
In addition, phylogenetic analysis indicates that this toxin detection system is an ancient
sensory module conserved across vertebrates and invertebrates for the past500 million
years. Using cleverly designed behavioral assays, the authors show that, although flies
will initially eat food laced with allyl isothiocynate, after one or two nibbles, they abruptly
leave the tainted food alone. This aversion to pungent compounds depends entirely on
the presence of the TRPA1 channels, which are usually expressed on fly mouthparts.
When the authors expressed the TRPA1 channels on the legs of the flies, the animals
avoided the food even without tasting it. Electrophysiological studies in Xenopus oocytes
expressing TRPA1 channels from Drosophila or mosquitoes demonstrated that both
channels respond to numerous electrophilic compounds, including those in wasabi and gas fumes. Interestingly, though,
the insect TRPA1 channels do not respond to nicotine, to which human TRPA1 channels are sensitive. The authors suggest
that these differences in substrate specificity between the mammalian and the insect TRPA1 channels may be exploited to
develop new and safer repellents for mosquitoes that transmit malaria.
K. Kang et al. (2010). Nature 464, 597–600.
TRPing Up Bacteria
Like TRPA1, TRP channels from the vanilloid subfamily (TRPV) are highly expressed in sensory neurons and elicit pain in the
presence of noxious compounds. However, in mammals, TRPV channels are expressed in many types of cells besides
neurons, including skin, muscle, and immune cells, but their physiological roles in these non-neuronal tissues are poorly
understood. Now Link et al. (2010) show that TRPV subtype 2 (TRPV2) is required for the early steps of phagocytosis byCell 141, April 30, 2010 ª2010 Elsevier Inc. 375
TRPV2 channels (red) surround zymosan
particles (yellow) during phagocytosis by
macrophages, whose nuclei are stained
blue. Image courtesy of T.M. Link.macrophages and removing this channel dramatically impairs the ability of mice to
eradicate the food borne pathogen Listeria monocytogenes. Macrophages are white
blood cells that engulf and digest (i.e., phagocytose) microbial invaders in vertebrates.
During the initial stages of phagocytosis, the macrophages surround the pathogen in
a membrane-bound compartment called the phagosome, which eventually fuses with
lysosomes, where the pathogen is degraded. Link et al. find that TRPV2 channels
gather in the membrane of the forming phagosome and trigger its maturation by depo-
larizing its membrane. Genetically disrupting TRPV2 channels in mice macrophages
greatly diminishes the cation flux through the phagosome membrane, reduces overall
phagocytosis in vitro by 80%, and significantly hinders macrophage chemotaxis.
When infected with L. monocytogenes, mice engineered to express a truncated
version of the channel lose their ability to clear the bacteria and carry 60 times the
bacterial load as wild-type mice. Thus, this study pinpoints a precise role for TRPV2
channels in the innate immune system of mammals but, more importantly, identifies
a long-sought trigger of membrane depolarization during phagosome maturation.
T.M. Link et al. (2010). Nat. Immunol. 11, 232–240.Temperature and capsaicin (chili pepper)
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Zheng.Separating Hot from Spicy
Although the TRPV2 channels in macrophages are probably activated by an endoge-
nous ligand during phagocytosis, TRPV2 and other vanilloid channels (TRPV1–4) also
sense fluctuations in temperature. For example, the TRPV1 channel opens at 45ºC,
but the structural mechanisms underlying this thermal switch are not known. Using
a combination of electrophysiology and biophysical methods, Yang et al. (2010) now
present a thermodynamic model explaining how TRPV channels convert the energy
of heat into structural rearrangements that open the channels. By measuring the
change in enthalpy (DH) and entropy (DS) during the activation of six TRP channels
from mice, Yang et al. found that opening heat-activated channels TRPV1–4 results
in a large positive increase in entropy (100–300 cal/mol/K). Thus, these heat-activated
channels are locked shut at room temperature by a hefty enthalpic trap, which is
released by a steep rise in the ‘‘disorderness’’ (and thus a decrease in Gibbs free
energy) at higher temperatures (because DG = DH  TDS). As expected, the cold-
activated channel TRPM8 exhibited the opposite properties. Interestingly, activating the TRPV1 or TRPM8 channels by menthol
or capsaicin (the spicy molecule in chili peppers), respectively, did not significantly alter the thermodynamic properties of the
two channels. Moreover, Fo¨rster resonance energy transfer (FRET) experiments demonstrated that an extracellular loop on the
TRPV1 channel pore undergoes substantial structural rearrangements during temperature-induced opening but not during
ligand- or voltage-gated opening. Together these data demonstrate that the temperature-sensing apparatus of TRPV channels
resides in the outer pore of the channel and functions separately from the machinery activated by ligands or membrane
potential. Thus, for TRPV channels ‘‘spicy heat’’ in chili peppers is indeed distinct from thermal heat.
F. Yang et al. (2010). Proc. Natl. Acad. Sci. USA. Published online March 29, 2010. 10.1073/pnas.1000357107.
Cracking Open TRPML Channels
In contrast to the TRPV subfamily of channels, whose gating mechanisms and biological roles are well-characterized,
researchers are only beginning to understand how the TRP mucolipin (TRPML) subfamily functions. Mutations in the TRPML1
and Trpml3 genes cause the neurodegenerative disease mucolipidosis type IV in young children and severe deafness in mice,
respectively. TRPML1 localizes to endosomes and helps to prevent overacidification of lysosomes (cellular compartments
where debris is degraded), but the physiological role and ligands for TRPML3 are still unknown. Now Grimm et al. (2010) iden-
tify 53 small molecules that selectively open human TRPML3 channels. This collection of activators provides an unparalleled
set of tools for pinpointing the physiological and biophysical characteristics of TRPML3 channels. Using a high-throughput
approach, the authors screened 217,969 small molecules for their ability to open TRPML3 channels expressed on the plasma
membrane of human embryonic kidney cells. Fifty-three compounds, with surprisingly diverse chemical properties, specifi-
cally stimulated TRPML3 at concentrations <3 mM. Further, many of these molecules activated the channel with distinct
kinetic profiles, indicating that cells can finely tune the current passing through TRPML3 by a variety of ligands. Interestingly,
none of the small molecules elicited a TRPML3 response in cochlear hair cells, which naturally express the channel. Moreover,
when coexpressed with TRPML1 in the kidney cells, the TRPML3 channels redistribute from the plasma membrane to intra-
cellular compartments, such as the endosomes. Together these results suggest that TRPML3 is not localized to the plasma
membrane in the hair cells and probably forms heterodimers with another TRPML channel, such as TRPML1.
C. Grimm et al. (2010). Chem. Biol. 17, 135–148.
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